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Abstract 
Four anti-slide particles, quartz sand, coloured sand, ceramic particle, and bauxite particle were investigated aiming at their effects 
on the operational performance of coated coloured pavement. First, the basic physical and mechanical properties of the four 
particles were compared and analyzed. Second, the effects of the particle kind, specific surface area, and angularity on the 
operational performance of coated coloured pavement were assessed by simulating pavement with rutting specimens. Finally, the 
effects of the four anti-slide particles on the slip resistance and wear resistance of coated coloured pavement were analyzed. 
Moreover, based on the results of testing investigation, practical engineering application of anti-slide particles in coated coloured 
pavement has been realized and promoted. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction 
Coating coloured pavement (CCP) could guide the traffic for effective safety and environmental beautification, 
featuring both in practical and artistic ways. At present, anti-slide particles have been widely introduced into pavement 
and form the new coated coloured one, which is a new technology for coloured pavement construction and anti-slide 
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pavement application [1]. Therefore, it is necessary to deeply investigate and reasonably evaluate the effects of anti-
slide particles on the operational performance of coated coloured pavement in order to improve the durability and 
safety of pavement structures. 
For Japan, the introduction was earlier, especially mature in hot-melt coloured anti-slide pavement [2]. While in 
China, coloured anti-slide pavement was introduced into the 2nd ring road of Beijing in 2003 [3]. Shanghai also got 
coloured bus lanes in 2004 [4]. And in 2007, coloured anti-slide pavement was applied in curved expressway, 
decreasing the accident rate and improving the operational performance in rainy weather [5]. 
To this end, the remainder of this paper is organized as follows. The details of the basic mechanical property of the 
particles were introduced in next sections. Their effects on the operational performance of pavement were analyzed 
and discussed in Section 3. At last, conclusions were drawn. 
2. Information and basic mechanical property comparison 
2.1. Brief information 
According to the local region conditions and the actual application situation of anti-slide particles in China, the four 
chosen anti-slide particles are: quartz sand, coloured sand, ceramic particle, and bauxite particle. 
Quartz sand Coloured sand Ceramic particle Bauxite particle 
Fig. 1. Photos of four anti-slide particles. 
2.2. Comparison of crush index values 
The testing results of the crush index values of the anti-slide particles were listed in Table 1. 
Table 1. Crush index values of the four anti-slide particles. 
Type Bauxite particle Coloured sand Quartz sand Ceramic particle 
Crush Index Value (%) 9 14 10 19 
According to the results above, bauxite particle held the lowest crush index value while ceramic particle held the 
highest, which meant that bauxite particle showed the best compressive resistance while ceramic particle was the most 
fragile one. 
3. Comparison and analysis of the effects on coated coloured pavement 
In this section, the comparison and analysis of the effects of four anti-slide particles on coated coloured pavement 
were investigated considering the surface roughness, angularity, wear resistance, and slip resistance. 
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3.1. Observation and analysis of surface roughness 
QF-250 scanning electron telescope (SEM) system was implemented for the 200 times and 500 times magnification 
scanning of the four anti-slide particles above. The photo of QF-250 SEM system was shown in Figure 2. 
Fig. 2. Quanta FEC-250 SEM system. 
The scanning results of the four anti-slide particles above were shown in Figure 3 and Figure 4, from left to right: 
bauxite particle, coloured sand, quartz sand, and ceramic particle. 
Fig. 3. Scanning image of the four particles (200 times). 
Fig. 4. Scanning image of the four particles (500 times). 
After the analysis of the scanning images of the four anti-slide particles above, the surface texture information of 
different particles was shown in Table 2. 
Table 2. Surface texture information of the four anti-slide particles. 
Type Bauxite particle Quartz sand Coloured sand Ceramic particle 
Amount of surface crinkle many few few very few 
Depth of surface crinkle deep medium shallow very shallow 
Amount of surface pores few none none many 
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From the SEM images above, bauxite particle could be the most suitable anti-slide particle in view of the amount 
and depth of surface crinkles, while quartz sand lied the second place. 
3.2. Testing and analysis of angularity 
In this paper, the void rate of anti-slide particles, also referred as angularity (%), was used for the assessment of 
the performance of the anti-slide particles. With the fine aggregate angularity tester, as shown in Figure 5, a certain 
amount of dry fine aggregate was put in a calibrated cylinder through the standard funnel, and the angularity of fine 
aggregate was defined as the void rate of the aggregate in the standard container. The testing results of the anti-slide 
particle angularity were listed in Table 3. 
Fig. 5. Photo of the fine aggregate angularity tester. 
Table 3. Void rate of the four anti-slide-particles. 
Type Bauxite particle Coloured sand Quartz sand Ceramic particle 
Void Rate (%) 52.1 48.7 45.0 45.6 
According to the angularity results above, the values of all the four particles were beyond 45%, among which 
bauxite particle held the highest value. Therefore, the angularity of all the four particles was high enough for the 
operational requirements of anti-slide coated coloured pavement. 
3.3. Testing and analysis of wear resistance 
In this paper, the anti-slide specimens were based on asphalt mixture rutting plate with the size of 
30cm×30cm×5cm. The NS-2 wear tester was implemented in the test, as shown in Figure 6. And the wear resistance 
could be calculated according to the wear depth of the surface measured by the dial indicator and the revolution of the 
grinding unit, as listed in Table 4. 
Fig. 6. NS-2 wear tester. 
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   Table 4. Wear resistance of the four anti-slide-particles. 
Type Bauxite particle Coloured sand Quartz sand Ceramic particle 
Wear resistance 1.9 1.6 1.7 2.4 
The less wear loss of the specimen got, the higher wear resistance the anti-slide particle showed. Combined with 
the results from the crush index values the angularity of the anti-slide particles, ceramic particle owned regular 
appearance with solid but brittle surface, making it more suitable for pavements under lighter traffic loads. 
3.4. Testing and analysis of slip resistance 
The slip resistance performance of the pavement was the ability of providing the friction force for vehicle braking. 
In this paper, Pendulum Method and Sand Patch Method were implemented to evaluate the slip resistance performance 
of pavement. 
3.4.1. Comparison of slip resistance based on Pendulum Method 
The slip resistance of the indoor rutting plate with coated coloured anti-slide layer were listed in Table 5. And the 
pendulum values showed nearly no difference in different asphalt specimens under the same particle treatment. 
Therefore, the slip resistance was not related to the type of the original asphalt specimen. The photos of the tests above 
were shown in Figure 7 and Figure 8. 
            Table 5. Slip resistance of the indoor rutting plate with coated coloured anti-slide layer. 
Type Bauxite particle Coloured sand Quartz sand Ceramic particle 
Slip resistance 80 72 76 78 
Figure 7: Field pendulum test. Figure 8: Indoor pendulum test. 
The difference of pendulum values among different particles could be caused by the varied texture depth resulted 
from different particle size, which would be furtherly discussed in the following sections of this paper. 
3.4.2. Comparison of slip resistance based on Sand Patch Method 
The texture depths of the rutting plate with coated coloured anti-slide layer were shown in Table 6, with nearly no 
difference for different asphalt specimens under the same particle treatment. Therefore, the slip resistance was not 
related to the type of the original asphalt specimen. 
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 Table 6. Texture depth of the rutting plate with coated coloured anti-slide layer. 
Type Bauxite particle Coloured sand Quartz sand Ceramic particle 
Texture depth (mm) 1.41 0.83 1.10 0.76 
From the testing results above, all the texture depth of the indoor rutting plate specimens could meet the 
requirements (>0.55mm) of the expressway and the arterial highway of China 
4. Conclusions 
The surface roughness and particle shape of the four anti-slide particles were investigated in this paper, also the 
comparison of the wear resistance and slip resistance. The following conclusion were drawn: 
(1) The particles that could provide reliable slip resistance for the coated coloured pavement were successively 
bauxite particle, ceramic particle, quartz sand, and coloured sand. 
(2) All the four anti-slide particles could meet the operational requirements. Specifically, ceramic particle showed 
good wear resistance while brittle for compression, only suitable for sidewalk and cycle path; bauxite particle owned 
the lowest crush index value and the highest void rate; coloured sand and quartz sand were relatively balanced in each 
index, and quartz sand got an extraordinary advantage in the cost, making it the most cost-effective particle. 
(3) The friction coefficient (pendulum value) was related to the surface texture and the particle shape under the 
condition of the same overlay material. The texture depth was highly connected to the particle size and the angularity 
of particle, while the testing results indicated that it would be inappropriate to over pursuit the index of texture depth 
for it would increase the requirements for particle size and affect the stability of the coated anti-slide particles, leading 
to the thickening of colloid layer and enlarging of costs. Generally, increasing the particle roughness could effectively 
perfect the anti-slide performance, and the void rate was the significant condition to ensure it. The higher void rate 
and smaller crush index value were both beneficial for anti-slide performance and the stability and durability of 
structures.
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